Neoplasm of the vulva is a rare malignancy accounting for <5% of all female genital-tract cancer. However, in recent years the incidence of vulva intraepithelial neoplasia, known to serve as a precursor to carcinoma, has increased in young women generating considerable interest in its pathogenesis. Genetic changes at the molecular level in precursor or invasive vulvar tumors are not well investigated, and DNA copy number changes have not been reported until now. We used comparative genomic hybridization (CGH) to analyze genetic alterations in 10 primary invasive squamous cell carcinomas of the vulva. Chromosomal aberrations were identified in 8/10 cases. The most frequent chromosomal losses were 4p13-pter (five cases), 3p (four cases), and 5q (two cases), and less frequent losses were detected at 6q, 11q, and 13q (one case each). The most frequent chromosomal gains were 3q (four cases) and 8p (three cases), and less frequent gains were found in 9p, 14, 17, and 20q (one case each). The pattern of chromosomal imbalance in vulvar cancer detected by CGH was revealed to be very similar to that in cervical cancers, despite regional differences in their prevalence. These results suggest that the pathogenic pathways in vulvar and cervical carcinomas may be similar and that the genetic background may be common to these two squamous cell carcinomas.
Carcinoma of the vulva is a relatively uncommon malignancy in women, with an incidence of approximately 1.5/100,000 a year worldwide. Vulvar squamous cell carcinoma (VSCC) has long been considered a disease of older women, and its etiology has largely been unknown. However, a number of recent epidemiologic studies have linked VSCC to well-known risk factors in cervical carcinoma, including multiple sexual partners, a history of venereal warts, and smoking (1) . Human papilloma virus (HPV) infection has also been suggested as a possible causative agent, but its relationship to VSCC seems to be less strong than in cervical cancer because of its lower incidence.
Functional inactivation of the p53 tumor suppressor gene through mutation or deletion is almost a universal step in the development or progression of human tumors (2) . Many reports show that alterations in p53 may affect the carcinogenesis of the vulva more than that of the cervix, in which HPV infection predominates as a causative agent (3) (4) (5) (6) . More recent data suggest that the overexpression of p53 protein is a late event and that the gene is a useful marker to predict lymph node metastasis in squamous cell carcinoma (7) (8) (9) (10) .
Until recently, most conventional cytogenetic studies have failed to identify any landmark chromosomal aberrations associated with cervical carcinoma. There have been a few reports on the cytogenetic analysis of vulvar tumors, which describe chromosomal alterations in VSCC, such as rearrangement of 11p as the sole abnormality (11) . A variety of karyotypic abnormalities in VSCC have been reported, including both losses (3p, 5q, 8p, 10q, 15q, 18q, 19p, 22q, Xp, and others) and gains (3q) (7, 12, 13) . However, no specific, consistent chromosomal abnormalities have been found until now. Genetic changes at the molecular level are less well known than cytogenetic aberrations. Some loci of chromosomal losses and gains in VSCC have been confirmed using the LOH (loss of heterozygosity) study. Pinto et al. (13) observed allelic losses in chromosome arms 2q, 3p, 5q, 8p, 8q, 17p, and 21q.
Recently, the comparative genomic hybridization (CGH) technique has been widely applied to analysis of chromosomal imbalances (14, 15) . In some reports, CGH techniques have demonstrated that one of the most consistent chromosomal abnormalities that marks the transition of carcinoma in situ (CIS) to invasive carcinoma of cervix is the gain of specific chromosome 3q sequences (16) . Furthermore, a variety of loci in many chromosomes have been shown to be altered in cervical carcinoma (17) (18) (19) . However, no CGH findings in VSCC have been reported so far.
We performed CGH analysis on vulvar carcinoma and discuss here these findings comparing them with previous results reported by others on cervical carcinoma and with conventional cytogenetic data of vulvar carcinoma.
MATERIALS AND METHODS
Paraffin-embedded tissue samples were obtained after surgery from 10 patients with primary VSCC . The histological diagnoses were performed in the Department of Pathology, ASAN Medical Center (Seoul, South Korea). Table 1 shows clinical data on each of the cases.
Tumor cells were collected after removal of stroma by scraping with a clean scalpel from three unstained slide sections of 10-m thickness. The slides were deparaffinized in xylene (three times, for 5 min each) and 100% ethanol (twice, for 5 min each). The tumor cells were transferred to a microcentrifuge tube containing digestion buffer, and high-molecular weight DNA was extracted as previously described (20) .
Comparative Genomic Hybridization
CGH was performed as described elsewhere (21) . Normal DNA was extracted from peripheral blood of healthy donors and labeled with Texas-ReddCTP and Texas-Red-dUTP (DuPont, Boston, MA) in a standard nick-translation reaction. The tumor DNA was labeled with a mixture of fluorescein isothiocyanate (FITC)-dCTP and FITC-dUTP (DuPont). Equal amounts of labeled tumor and reference DNA were mixed with 20-g of unlabeled human Cot-1 DNA (Gibco BRL, Gaithersburg, MD) in 10-L of hybridization buffer (50% formamide, 10% dextran sulfate, 2ϫ SSC [1ϫ SSC: 0.15 M sodium chloride/0.015 M sodium citrate, pH 7]) and hybridized onto normal metaphase slides. Before hybridization, the DNA was denatured for 5 minutes at 75°C, and the metaphase slides were treated in 70, 80, and 100% ethanol series and denatured at 65°C for 2 minutes in a formamide solution (70% formamide/2ϫ SSC). Hybridization was performed in a moisture chamber at 37°C for 48 hours, and washing was performed in 50% formamide/2ϫ SSC and twice in 2ϫ SSC. Then the slides were mounted with an antifading medium containing a counterstain (Vector Laboratories, Burlingame, CA) and analyzed using the ISIS CGH analysis system (MetaSystems GmbH, Altlussheim, Germany). The average-ratio profile was calculated as a mean value obtained from 10 to 15 metaphases. Both homologues of good-quality chromosomes with strong uniform hybridization were selected for analysis. Chromosomal regions were interpreted as overrepresented (gained) when the green-to-red ratio was Ͼ1.17 (1.5 cutoff value for high-level amplifications) and as underrepresented (lost) when the ratio was Ͻ0.85 (Fig. 2) . Confidence limits of 99% with 1% error probability were used to confirm the interpretation. To confirm the CGH results, additional hybridization experiments were performed on some specimens. A positive-control DNA with known chromosomal aberrations and a negativecontrol DNA were extracted from paraffinembedded ovarian carcinoma material.
RESULTS
DNA copy number changes were found in 8 of the 10 tumors ( Fig. 1 and Table 1 ).
The most frequent loss was 4p13-pter (5/10; Fig.  2 ), and losses in 3p, 5q, 6q, and 13q were less frequent. The most frequent gains were 3q (4/10) and 8q (3/10), whereas gains in 9p, 14, 17, and 20q were found in only one patient (Case 9). Case 9, which showed moderate histological differentiation, had a high number of changes (12) , including losses in 4p, 3p, 3q, 5q, 11q, 13q, 14, 17, and 20, whereas Cases 5-8, with well-differentiated tumors, showed one to three copy number changes per sample. Gain in 3q and losses in 3p and 4p were concomitant in four cases (Table 1) .
DISCUSSION
We found that the most frequent DNA copy number changes in VSCC are loss of 4p13-pter and gain of 3q. So far, no CGH findings have been reported in VSCC, and differences between our results and previously published cytogenetic data in VSCC are considerable. Previous chromosome banding and LOH analyses have not revealed changes in 4p, but alterations have been found in 3p. For chromosome 4, the discrepancy between the results may be explained by methodological reasons. One explanation for the difference between LOH analysis results may be the scarcity of markers for 4p. Interestingly, the pattern of chromosomal imbalance found by CGH in vulvar carcinoma is very similar to that in cervical carcinoma (16, 19, 22) .
No cancer genes have been assigned to 4p. However, the recurrent loss of 4p we found and similar findings by others in cervical intraepithelial neoplasia (18, 23) suggest that this chromosomal area may harbor a tumor suppressor gene.
In cervical cancer, Heselmeyer et al. (16) suggested that a deletion of 3p could be the result of isochromosome formation with retainment of i(3q) and that losses of 3p isochromosome formation may be one step toward invasiveness (22) . We found concomitant loss of 3p and gain in 3q, which agrees with the isochromosome formation.
The long arm of chromosome 3 contains numerous potential cancer genes, such as MME, IL12A, BCHE, and KNG, and the human telomerase RNA gene (HTR) has recently been mapped to 3q26.3 (14, 24) . Soder et al. (24) found increased copy numbers of the HTR locus in 97% of cervical carcinomas.
The regions of the TSG and FRA3B genes in 3p have been suggested to contain HPV integration sites (25, 26) . Deletion at 3p and gain of 3q suggested correlation with HPV infection in cervical and anal cancer. However, in fallopian tube carcinoma, 3q gain was not associated with HPV DNA (16, 17) . The association of 3p and 4p losses with HPV infection in cervical carcinoma has been, interestingly enough, reported in HPV-positive cervical carcinoma (16) and in an HPV-immortalized keratinocyte cell line (27) . Incidence of HPV positivity has been reported at rates between 9 and 83% in vulvar carcinoma (28, 29) . The great variation results most probably from the methods used. We were able to perform only one successful analysis on our patients (Case 3 was positive).
In conclusion, we observed that loss of 4p13-pter, and concomitant loss of 3p and gain in 3q, are the most frequent genetic alterations in invasive VSCC and that the pattern of the alterations is very similar to that seen in cervical carcinoma. These results suggest that the pathogenic pathways in vulvar and cervical carcinomas may be similar and that the genetic background may be common to these squamous cell carcinomas. The next tasks indicated by our CGH findings are identification of candidate genes in the lost and gained chromosomal regions and investigation of possible HPV virus integration in these areas.
